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concentration. orie intramuscular dose estimate fron the literature to produce 177 ng/ml in
man is 12.4 mg diazepam. Due to variability in the literature, the intramuscular dose fcr
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Saran-inruced convulsions have been shown to increase the incidence of brain
lesions in nonhuman prinates (wall ( Al., 1987) and, therefore, may very
likely cause permanent brain damage in man. The U.S. Army desires to prevent
these convulsions, thereby increasing the soldier's chance of survival during
a ctanical warfare attack as well as the quality of life afterdards.
Curr-_ntly diazepam is being investicted as an anticonvulsant treat•ent,
ccrccmitantly acninistered with atrrpine and 2-pralidoxime chloride for
orte poisoned soldiers.

The minimum effective intramiscular dose of diazepam, 100 uc/kg, was
determied in nonhuman primates pretreated with pyridostigmine, poisoned with
saman and treated with atropine, 2-pralidoxiwm and diazepam (Hayward, 1988).
Because cfficacy studies are not performed in man, the minimu effective dose
for man will be extrapolated from primate studies.

Extrapolation to obtain the same tterapeatic r-ise is most accurately
ac-hieved by equating drug concentration at the active site. The
anticonvulsant effect of diazepam is centrally mediated, and therefore,
measurmment of diazepam concentrations at the receptor site (in the brain) iz
not feasible. However, diazepam concentrations in the cerebral spinal fluid
(CSF) are expected to relate to its concentration at the active receptor and
therefore also relate to the therapeutic response. Unfortmuitely, CSF is
difficult to obtain, especially when serially sampling for pharmacokimetic
studies.

Several studies have found that the total cncentration of diazepam in the CSF
correlates highly with unbound diazepam cocentrations in plasma (Greenblatt
e Al., 1980; Arendt g_ _4., 1983; Kanto et Al., 1975). Plasma samples can be
easily obtained and total diazepam cncoentration (plasma bound arA free) can
be easily analyzed. Because very little diazepam is not bound to plasma
protein (1.3% for young males; Greenblatt gg aU., 1980a), measureemnt of free
cconentrations requires a very sensitive method, especially at the early and
late phases of a free concentration-time profile. Protein binding is not
concentration dependent (Mehitto and Greenblatt, 1983), and therefore
disposition of total drug shculd parallel free. Th percentage of diazepam
free could be determined at a high ccnKentration, and that percentage should
remain constant tmh oht the study. The free cntraticn-time profile
cold therefore be determined from total c itntions.

Me extrapolation of the diazepam dose from rT.xkey tr, man requires defining
diazepam ph= - - k tc parameters and percent of diazepam free in plasma for
both man .. MMkey. T aok tc 1 parazeters have been reported in the
literature for man (Table I) but not for 1i!k*W.

This study determine the peak serum . r.ti of diazepam achieved in the
nrihumn primate when given the minimon effective Intran ilar dose for
controlling scamn-induce seizures. ALso this study determiines the percent of
diazepam not bound to plama protein in the mmiky. This irformation in
conjuncticn with the human literature is used to extrapolate the required
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human intramusclar dose necessaxy to achieve comparable free diazepan levels
in sen of man.

MAEII AND MEnMMM

A. E.arimental Design

Sx c male rhesus prizatas were 1su~d frcm the tZ9RICD =.nhuman prixate colcny
1U SD-MW-'v'M --nrozandL 40- 15 '1acaque Husbarvfry and Quarantine
Procedures," July 1985.

Me stuy was cr.ucted in roma 237, building 3081. All personnel handling
the nonhuman primates or working within the roan wize a surgical mask, a lab
coat, and latex protective gloves.

Each animal was placed in a plexiglass restraint chair for training in order
to acclimate the animal to the apparatus. Four training sessions (1-3 hours
each) were conducted for every animal prior to the day of the experiment.
Curing the training sessions the nrcrmn.an primates were offered fruit as a
positive reinforcement. Training was under supervision of AJ K_=vin
Corcoran, the yeterinarian in Charge of the rcrhInan primate colony.

Animals were fasted overnight prior to the day of experimentation. Two
different animals were dosed each day L.r three consecutive days. Prioz to
the day of dosing, the monkey's legs were clipped fram the pelvis to the
tarsus. Animals were placed in plexiglass restraint chairs for blood sampling
and remained in the restraint chairs for no more than six hours.

A 20 gauge 2 inch percutanes teflcn catheter1 was introduced into a
saphenoLs vein and flushfd with 0.9% saline. 2 Blood sales were taken
throgh a four-way stxxock3 connected to the catheter by an eight irh
plastic tubing extension. The extension was fabricated from eight inches of
the male end of a 30 inch extensirn set 4 canected to a female size D
stainless steel plastic tubing adapter. 5 7he tatal volume of the catheter
plus the extensicn was 1.4 ml. Between blood saxples the catheter and
extension were ccntinuously flushed witn 0.9'% normal saline at a rate of 3
ml/hr via a continuous flush device. 6 Salie was delivered under 300 mg Hg

iArniocat!eq No. 2818, The Deseret Ompany, Sandy, Ur 84070

2Sodium Chloride injectian USP, Travenol Laboratories, Inc., Deerfield, IL
60015

3R No. K72, aaseal Inc., Toa Alta, FR 00758

4NO. 4610, Abbott Hospitals, Inc., North CWdjo, Ml 60064

5No. 7543, Becton, Dickinsan and Cmp~any, Parsippany, NJ 07054

6 f AFIW II No. 42002-01, Sorenson Research, Salt Lake City, UT 84123
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pressure to the flush device via a pediatric intravaus ijmecticn set 7

attached to a pressure bag. 8

Diazepam (100 ugJk•q) was administered to each rnohuiman primate in the large
muscle mass at the rear of the hind limb (cpposite the leg catheterized)
1cde the hip and knee. Me dosing solution (5 rxJml) was delivered via a
250 ul Flaaiaton syringe (#725) and a 23 gauge 1.25-irnc needle. Me injection
.;as given as a bolus dose deep into the muscJe. rfe pluiLer of the syringe

w-as withdrawn slightly before expulsicn of the dose to insure that the neile
.as in the rnuscle and not a blood vessel. If no blood came back into the
syringe, the needle was assumed to be in the -uscle.

sx1ling tiues had been chosen from a pilot study (Lukey, 1988) to determine
the ixi.m 'diazecam serum corentraticn. These sampling times were prior to
and 5, 10, 15, 25, 40, 60, 90, 120, 180 and 240 Minutes after injection.
Befcre removing each blood sample, a 2 ml presample was taken to rerve saline
from the catheter. Blood volume for eacii sample was 3 ml. Following each
collection, 5 ml of 0.9% normal saline was injected through the cateter to
rcplace the fluid volume removed. between ;anple:s tle catheter was attached
to the continuous flush system. For each blcod sanpie, the anizal lost
approximately 3.5 ml of blood. A wximum of eleven blood samples were taken
fram each monkey, resulting in a ztoal blood loss of approcimately 38.5 ml.

Mioheatocrit and plasm total protein determinatiors were performed or. the
0-, 40-, 90- and 240-minute blood Ganple to assure aneia had not developed.
Two disposable heparinized soda lire glass mi Itocri capillarl tubes9

were filled with blood and one end of each tube was plugged with clay. The
capillary tubes were centrifuged at 10,000 rpm for five rgmites,1 0 The
hematocrit was determined using a microcapillary reader. 1 The capillary
tubes were then scribed and broken to load the plamaa into a refractcmeter 1 2

to determine the plasma total protein. The hematocrit and plosma protein
determinations from both capillary tubes taken at each time point were
averaged.

Two additional micrchanatocrit and plasma total protein determinations were
performed at 24 hours and seven days folldwing diazepam injection via
venipuncture in order to dooment further changes in these parameters.

7FLU VENR No. 0161-A, VDMUSA, LTD., New York, NY 10017

8Sorensm Research Corp., Salt Lake City, UT 84123

9No. 73810, Kimble Corp., Toledo, CH 43666

l0 Ocle, MB, Dcrx /IEBC, Nedham, MA 02194

11No. 2201, International Equipnent Co., Bostcn, MA,

12Model 10406; American Optical Corp., Buffalo, NY 14125

3
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lo&i sanples were drawn into z• - diispsable 5 ml plastic syrirnes and
then placed into new generic gL-2 zxsle test tubes (10 =u x 75 ram)
devoid of anticoaguant and seal z h parafilm. Sarples aere p2 aed on ice
u=til collecticn --as cxnpletad z-x z.!1n refrigerated overnight to allow 'ihe
cl ot to form. The following day the serun wks txanxsferrad via pastar piptte
i.t-o new generic plastic disposable test t3,s (10 mm x 75 mm) and centrifurged
at 2500 r= for 10 mi-tA-S. Serm-n was again tr-ansferred via pastz= pipette
=rto rnw gareric playstic sc=-wtp tub- (10 =m x 75 rrn) and frozen at -70-C.
M tar t~he firal saroIle .as .Ztanind, the cathztr was rmved &nd t!"L aniz.i
rr-iurned to the care of the Vttarmnarl MsdiccLne mid Surgery 3r-•n. At tre
2 of the week, saplc war- p-ackaged in dry ica ard sent by overnight
d _liverf to Cavid J. Grasnb..att, M.D., Ic%= 602, M-V Baildirg, Ttfts
University School of Medicine, 126 He.rriscn Avenue, Boston, ltMssachusetts,
02111. Procedures for handling sanples for di=Anp= analysis arp found in
Appendix A.

Serum samples were analyzed using electrvm-Waptwm gas d-ranatcgr-apy
(Ccntract purttase # DAA:05-88-w.64"84; Cteenrblatt ±• _4., 1960b). The
intznrll starndard for this assay was an iodinated be:zolazeapirn anaicxue
(20ý7-9749). Ser= sarmles were extz:tcted with benzer (ccrtainirq 1.5%

c I alc-zhol). •te or-iAnic chase was evporated to dzyryss ard the sarple
•.-xxstituted with toluene (containing, 154 isr-cxl alc-hol).

The chrcatograph was equipped with 4 ft x 2 mm glass colum ccrtaining 3% SP-
2250 on 80/100 Surelc1oprt and aoprated at 25UcC. The carrier gas was
argon:methane (95:5) with a flow rate of 25 ml/min.

Accuracy and precision of analytical rewilts were defined prior to the
pharmacokinetic stady as follows. Blank omxkey sem was spiked with knwwn
amounts of the diazepam solution (5 uqJml) by serial dilution to achieve the
fcllcwing concentrations: 0, 6.25, 12.5, 23, 50, 100 and 200 Ut/ml serum.
Zacdh =cntration was divided into three 1.0 ml ali-.ucts. All test tubes
were coded with random nmbers, f.eozen at -70°C and traro, ted to Dr.
Greenblatt the saw• day. Precision was expressed as the coeffici•nt of
variation of the three samples for ea9&4 ocer ation. Accuracy was the
deviation of reported ccentraticns fr expected.

For additional assuarnsn of &nalytical accuracy and precision, six samples for
each of two cuncaatrations (50 and 100 rq,•ml) were coded with raz* numbers
and sent with samples obtained from the ra anacokLxatic study in the rheu
mrkey. Acu~racy and precision of these ccftols were determined as aboe.

Protein bindixg of diarepam in serum ws determine by e~ilibrim dialysis

accordin to the method of Woo and Greenblatt (1979).

B. Data analysis

Plwaf= o t icn-tims data for each animal were fit to standard
;3Iac~r inetz uidels using the O 1IN =iprter program (Statical
Car-iltants Inc., 1986). Initial estiimtes for each r=*Amn primate were
determined fro'v the cuqpcer program JANh (Statistical Ccwultants, Iivxngton,
'q). Data for mdel fittiunq were iteratively reeighted by the squared

4
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recip2.ocal of the predicted =rcntration. Detninatim of the appropA'iate
modal was based upon a minimal sum of squared residuals, large correlation
coefficient, small stariar: deviations of paramcter estimates and unbiased
distribution patterns of residuals of estinates nf cbserved versus predicted
values.

•lxi:um serun/pl&a diazenm concentricns ware cbtauned frcm the literature
.zr adult, r re-..xcgnant hIuans intr-'m'-c larl' administz-d diazt.-cam (Val]. )

S2izeltod linaar rnqrssicn anaLyrsis "•as -mlcyed to define the b'-st fit lire
fcr -axirm ccnrcntraticn as a ftunctlcn of the diaze-am dose. Weidht was
' ed "u~pc the sample size excent for the 0,0 point, hich z ceived a weight
of 1000 to force the line through the origin.

Reported ccromitrations of quality control samplea for defin•rq the acazacyv
and precision of t!he analytical technique prior to the pharmacokinetic study
are recorded in Appendix B. A ccntaminznt was fcund =n the mcnke-y plasma
%hich partially coeluted with diazenam. The ccntmirn•nt caused blank sarmles
to be reported with an average cc=nentration of 20.7 rzjml. Assuming equal
interfererces in all samples, the reported concentration for the blank (20.7
nq/ml) was subtracted frmn reported concentrations of other saoles .
Coefficients of variations for the corrected concentrations ranged frm 2 to
20% and wveraged 10%. Acaa-acy reported as % bias ranged from -15% to 8% ci,•1

averaged -4%.

Quality cotrol samples &nalyzed during the pharmacokinetic portion of this
study did not have a cotaminant interferirg with diazepam quantification.
The cmxcnti-aticns are listed in Table II. Coefficieits of variation for 50
and 100 ng/ml were 8% and 5% respectively. Bias for 50 and 100 ng/ml -ware 5%
and 2% respectively.

The heiatocrit and total plasm protein were observed in the animals for 24
hours after diazepam dosinig. The average hematocrit slightly decreased from
42% at time 0 to 35% at time 24 hrs (Table IT1T). Plawa protein content
decreased from 7.6 q/dl at time 0 to 6,5 g/dl at 4 hrs but returned to normal
at 24 hrs (Table IV). No overt sinss or sympts of anemia were otd.
Animal activity after dizzepaw dosing apeared no different than during the
last phases of chair restraint training. No animals slept or even appeared
dro6Wy after dosing.

Die and metabolite (desnethyldiazepem) serumnn ntraticon are tabulated
for all animals with respect to time (Table V) Dia zem c=nitration-time
data for each animal fit a 0m ear Ut, open model with first order
absorption and elimination (Appendix C). Lethyidiarepam did rxnt fit the
modal wall because the elimination phase was not observed. Nevertheless, the
model was euployed to get a rogh estimate of metabolita qpeararc (Anmriix
D).

harmmcokinetic estimates for each animal are rrrtei in Appendix E and the
average extimates are listed in Table VI. Fzr= the averages of the

5



parnmacckiretic estimates, diazepam and smethydiazepam serum c etzaticn-
tbLe profiles were obtained. In crter to reresent raw data an Figure 1,
c=)ctraticrcs arnu ani:-.11s were averaqsd with respet to tire (Table VII),
,-,d th.e rs-utitng .ears and S.E.M. -ere uailayed. z= the diazeam best fit
I-te, te 3.-ax-t-.- diazep3m s3etrn ccrcentr•ticn average 50 nq/zal at 29 r-i/uets
(7.ble VI).

Te percentage of diazepam unboud to seriu prctein averaged 4.6 t 0.7% (Table
v7II). Therefore, the ,axi'm= serum oc ntraticn of urnLxud diazepam is 2.3
nrm.l.

The first set of rcality conrol samples were used to assure that Dr.ýý,erblatt's !•nr• could accurt.Al-y r-ýpcrt dia-zenam cccntaicns wit~hin
• dL~irad •--••e tcre the pharmaccietic std waald begin. Because he

*-as blind to -..e expected cacrentraticrs, Dr. GrerbL-tt did ret )a• miuch
samples wer blanks. However, he noted a ccntzziant partially coelute with
diazepam and informed us that the reore concntration would be ccrmistently
higher than expected. Ihe blank samples revealed the, the contaminant
artificially i the reported diazapm ccncentraticn by 21 ng/ml. When
the value was subtracted fran reprted ccrntraticrs, the resLits were very
close to expected. We therefore cduse this contractor since 'his was the only
available laboratory that could accurately measure diazepam cucentrations
within our desired concentration range and our tirm limitations.

Quality control sarpies were also sent with the h.armacckinetic saMples to
assure accurate and precise determinaticn of diazepam ccentration during the
study. Fortunately, no contaminant apeared in any animal's serum and
therefore no adjustments needed to be made. Also Dr. Greenblatt's analysis
provided quantificaticn of the d~smethyl diazepam metabolite with no
additional cost.

Diazepam serum c-cntration-time profile of each animal fit the one
, artent open model well. BMuWn data Cbtairad frCM intraverg
administration of diazepam indicate the omv.-itration-time curve is best
described by a two-aqatmnt mdel with distribution and elimination half
lives aprcximating 1 and 32 b.is resectively (Xlotz g Al., 1980). Since a=
study was not b.-jcbd past 4 hrs, the elimination ph~ase my a~rto have
besn not detectable, and tkerefore, the apprent deceas~e in diazoman
- ntration would primarily have b1- mde to the distribution of the

cxrnd. However, analysis of the diazepa metabolite fate indicates
otherwise.

Altlx~zh the stmzty was not desigr~Ed to de~fine the rLa Is'x~i profile of
the demthyl diazepam, ertimatAw v ae. Me elimination pham,%as not
clearly aparent frtm the aci ratian-tim profile, and therefcre estimates
of this phase are weak. Hcver the formation pase was adequately defined by
fitting data to a c*-cor- twit open mdel with first order absorption,
first order elimination and a lag time. 7 diazepa metabolite formation
parailels diazepam disappearance and metabolite concentrations approach those

6



of diazopam, indicatirq that the .major route of diazepam elimination was its
metabolism to dmcthy1diazepum. 2h data indicate that our diaz••am model
truly defire diazeam elimnation, rather than distribution expectad frar
hu,-n studie (IGctz C al., 1980).

""he diamzeam model, an wervce est:-ate of the maximum diazeturn
c tont %as 50 rn/rl at 29 min fa-n a 0.1 -rlJg intrw1sc•lar dose. The

maximtum diazspam we,. c etration in the pilot study (WI)W, 1988) was 128
nr/ml for a single rhtsus mmacque intramuscularly administered 0.2 mg/kq.
In the =Dxid. senm c tration versus dose for the pilot study and
protocl weri gruth1, a least squares regzvosior line for the tw points and
the origin resulted in a corzelation coafficient (r) of 0.992. Because the
udy w rot digned to define that r 4atiMhip, the eo1lent crrelation

must not be weighted too heavily. Liearity sugWft the zrtmacokinetics
behave linearly in the dose range stuiid and indicates reproduibility in the
Study.

The maximum serum concntration of unbound diazepam was estimated as 2.3
rg/ml. We estimated from the literature man's Inmrcular diazepam dose
that produoes the same maximum serum conxntration of free diazepam found in
xmckemy receiving 0.1 mM/kg (2.3 ng/M). Numemz studies have investigated
the clinical pharmacokinetics of diazepam in ran, but few have studied the
Ftharc cs by the intramzsoular rcute of adinistration. No single
study reported the relationship between maxim= diazepam o ntra0-icr- in
serum and intramuscularly administered e. Several studies that meet the
criteria (adult, nonprenant humns resivirg i.L. diazepam) 'rm pooled to
define this relationship. These experiments were cmdIuctad in different
laboratories using different analytical temiqus and at differmt times.
Injection sites were not stardardized. Nezdle i.egths were not always
reported and those that were reported varied. Sam studies involved ime, skme
involved women and others did not specify. ThA nuamirs variables cceplicate
pooling of the literature studies.

Bearing in mind the cmplications, we found the maxium serum •-traticns
for man linearly related to the diazepam i.m. dose (Cax (rn/ml) -
14.3*dose(mg)). A graphic repreentatico of the relaticnship is depicted in
Figure 2, and specifics of the data are reported in Table I. 7he relaticrship
is for total diazepam tic (bod and free). Since 1.3% of diazepam
is unbound in serum (Greenbatt g Al., 1980a), the desired 2.3 rnJD31 free
1."Nation r-resdwis to a total - t3atin of 177 nC/ml. From the
above relati-- hip (Figure 2), the estimted hmn i.m. dose expcted to
prcidxe a 177 rnJml maximu m - --- J- is 12.4 mg. Figure 3 displays the
extnm u and lower which produce the C., fro the two regression
lines that beginning at the origin and enma all data. Te resultin
dose are 7.1 and 20 mg diazenam.

Only nu study that i1t-ansas ly ainistatmd diazAvem to humanw defined
the iarmzixtca adeqately for graphic ompiucrn of the - intration-
time profiles with those of nxzkeys Widulinrld St al., 1985). 7he study
ainistere 10 mg to 12 subjects and determined thr best fit cuzrve for the
average Ccnxentration-tims profile. For comparison with our data, the curve
need to be mified. By using the reported avera weight of 75 )q and

7



assuming pharracxkinetic linearity, the best fit curve was extrapolated from
human study to represent a ccncration-time profile for a 0.1 mq/kg dose.
In Figure 4, the much mre elimination of diazepam in the nkey is aparent.

The maxi.mum senrn centration of diazepam for mrnkeys intramscularly
achinistered 100 ug diazepankg was 50 nqT1l. T percntage of diazeam
unbound in serum was 4.6%. Therefore the maximum a•t in of unbxtwd
diazepam was 2.3 n,/ml. Because 1.3% of diazepa• is free in human plasma, the
same cforoe traticn in man (2.3 nre/l) re*ires 177 rw-/n t&oal (frw and
bound) plama nntratin. intramuhslar dose estimate from the
literature to produce 177 rn/ml in man is 12.4 a diazepam. Due to
variability in the literature, the intramuscular dose for man could rarqe fran
7.1 to 19.7 mg.

AssLming that man and monkey respcod equally to the same maximum serum
cinx*ntration of unbound diazepam, this human dose is the predicted minimal
effective dose to inhibit scman-izxhe covulsicn with the current
pretreatment/treatment therapy. he dose, based upon numris unntrolled
variables fran the human literature and this limited parmacokinetic study in
the rtesus macaque, is a rough estimate that aproximtes man's minimal dose.

8
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TABLE I. Literature review of studies intrarusmiarly dosiq diazepam
(ValiumR) to adult, noipregnant humans and observin maximum serumVplaszna
ccncentratiors.

Cede Dose Sanple M F Site TM.x C ax Reference
1.g 1 (mg) size (ran) %ng/ml)

1 5 10 5 5 ? 120 55 Karto, 1974
2a 5 5 5 0 deltoid 33 125 Divoll 2t- ., 1983
2b 5 5 0 5 deltoid 360 95 Divoll et _4L, 1983
3 10 4 ? ? ? <10 253 Baird -,t aL,, 1973
4 10 12 11 1 ? 90 170 Wichlinsk t Al., 1985
5 10 9* 6 3 ? 128 90 7horn-Aqulist gt al, 1977
6a 10 33 0 33 thigh 90 149 Gamble Vt 4.,, 1975
6b 10 10 0 10 buittock 90 100 Gable et L, 1975
7 10 10 ? ? ? 60 219 Resch .t Al., 1986
8 10 3 ? ? ? 15 130 D-_Silva t al., 1966
9 10.5 7 ? ? thigh 90 230 'ortilla 2t al., 1976
10 14"* 18 ? ? thigh 45 140 Vcarde1 et al., 1983
11 20 6 ? ? 60 293 Hille-tad et al,, 1979

? Information was not reported.

* 60% of the subjects in the report were males. Although all were not used to
determine the above information, we assumed the s-an proportion existed in this
sanple group.

** The ose was reported as 0.2 mg/kg, corresp i to 14 mg for a 70 kg man.
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'ABLE II. Quality cotrol samles analyzed cmuzrently with phmaracokinetic
.samples.

DIAZEFAM C34CNMA=TCN
(rr-/m1)

Epected Detected % Bias

50 42.8 12.4
50 50.5 -1.0
50 51.2 -2.4
50 49.3 1.4
50 47.9 4.2
50 42.1 15.8

Mean 47.5 5.1
S.D. 3.7 7.4
C.V. 7.8

100 92.4 7.6
100 101.7 -1.7
100 102.5 -2.5
100 99.7 0.3
100 100.5 -0.5
100 91.4 8.6

Mean 98.0 2.0
S.D. 4.9 4.9
CV. 5.0

14



TAMLE III. Hematocrit levels analyzed relative to diazepam dosing.

MMA Sequen OR
ID Nuxber 0 0.67 1.5 4 24 168

18336 1 40% 35% 39% 39% 31% 38%
13379 2 43% 41% 39% 33% 39% 40%
DA143 3 43% 40% 39% 39% 35% 40%
EA158 4 39% 35% 34% 30% 32% 35%
P-417 5 45% 44% 44% 40% 38% 43%
13432 6 42% 41% 40% 35% 33% 38%

AVERAGE 42% 39% 39% 36% 35% 39%

TABLE IV. Blood protein levels analyzed relative to diazepam dosing.

=OAL PRTIN~ (g/dl)

ANMADL Seguerie
ID Number 0 0.67 1.5 4 24 168

18386 1 7.4 7.0 7.1 7.4 7.6 7.5
13372 2 8.0 7.2 7.2 5.5 7.8 8.0
DA143 3 7.7 7.2 6.7 6.7 7.4 8.2
DA158 4 7.4 6.6 6.4 6.1 7.5 S.2
P-417 5 7.5 7.3 7.4 7.0 7,5 8.5
13432 6 7.5 7.7 7.0 6.1 7.2 7.8

AVERAGE 7.6 7.2 7.0 6.5 7.5 8.0

15



TAE V. Serunn onentrations of diazepam and desmethyl diazepam in inzilvidual
animals.

DAEm axxcm, c ( rmL)

TL-m Animal Number
(min) 1 2 3 4 5 6

0 0.0 0.0 3.9 0.0 0.0 0.0
5 17.8 20.3 20.1 17.5 29.1 15.2

10 24.8 30.0 51.1 28.5 51.1 24.0
15 33.2 36.4 57.2 40.4 67.2 28.9
25 37.2 35.8 71.2 53.9 70.9 32.9
40 40.6 37.4 60.2 43.2 68.6 34.8
60 34.3 27.5 35.5 39.3 46.9 35.7
90 25.1 17.2 18.6 21.3 28.5 28.5

120 17.3 11.8 12.7 4.5 19.1 22.2
180 10.9 0.0 4.1 8.9 7.1 17.6
240 8.8 0.0 0.0 2.1 2.1 11.6

DER&-MM DIAZEPAM CXCENMTICN (NG/ML)

Time Animal Number
(min) 1 2 3 4 5 6

0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 7.2 7.4 2.4 4.1 0.0
25 7.8 9.2 13.6 6.9 11.5 2.4
40 13.7 20.2 25.2 15.1 22.5 5.2
60 25.1 29.2 36.7 24.3 37.6 8.8
90 30.6 41.3 43.4 35.9 44.4 12.4

120 34.4 43.0 46.2 32.3 47.5 15.1
180 42.4 38.8 36.4 37.5 46.5 18.2
240 38.7 41.3 33.6 27.7 37.7 21.3
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TABLE VI. Mean pharmacokinetic parametzr (S.D,) of diazepain 3 the desmthyl
metabolite in the rhesus monkeys

DIAZEPAM D E"=lYL DIAZEPAM

Mean S.D. Mean S.D.

Vd I1)9 1.:47 0.53 UNýII

k0! 1/min 0.355 0.043 0.014 0.006

ki0 !/mrin 0.077 0.031 0.003 0.001

AUVC rq*mir/ml 5494 1348 20760 5322

Cl ml/min/kg 19.4 5.2 UN MED

tl/2 of kOl (min) 9.9 1.2 72.2 59.7

tl/2 of kl0 (mJn) 58.0 32.6 233.5 63.2

TM:Lax min 28.7 3.4 169.8 57.6

nax nr/iMl 49.6 13.2 38.4 8.4

Tlag (min) 0 0 12.6 1.6

TABLE VII. Cumulative raw data for diazepam intranus arly administered to
rhesus macaques (n = 6).

DIAZEPAM DESMHYL 'IAZEPAM
m conc S.E.M. Ccnc S.E.M.

0 0.65 0.65 0.00 0.00
5 20.00 1.98 0.00 0.00

10 34.92 5.20 0.00 0.00
15 43.88 6.13 3.52 1.36
25 50.32 7.21 .57 1.59
40 47.47 5.58 16.98 2.95
60 36.53 2.60 26.95 4.29
90 23.20 2.00 34.67 4.93

120 14.60 2.57 36.42 4.96
180 8.10 2.46 36.63 3.98
240 4.10 2.00 33.38 3.10
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TABLE VIII. Free fraction of diazepam in pxoole primate sera

ANM-ML
ID M"ZBE %LNJND

13K' 36 1 5.0
13379 2 5.0
r12J43 3 4.0
UU 5 8 4 4.5
P-417 5 3.?
13432 6 5.4

AVERAG 4.6
S.D. 0.7

18
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David J. Greenblatt, M.D.
Division of Clinical Pharmacology
Tufts-New England Medical Center

PROCEDURE FOR HANDLING OF SAMPLES FOR ANALYSIS OF BENZODIAZEPINES

Timing

Blood samples should be drawn prior to a maintenance does for patients on
multiple-dose regimens. The ideal samplinS time for patients on daytime
administration schedules is in the morning prior to the first dose of the day..
For patients taking single bedtime doses of anxiolytics or hypnotics, the
sample can be drawn in the morning, or in the evening prior to the dose. For
subjects in single-dose phacmacokinetic studies, samples are drawn at whatever
times following dosage are indicated in the protocol.

Tubes

Evacuated blood-collection tubes are the most convenient means of
ohtainirg samples. Since plasma and serum yield nearly identical results,
green-top (heparinized) tubes are the easiest to handle. However Venoject and
Vacutainer brand tubes are not identical. VenoJect tubes contain unknown
contaminants that interfere with the analysis of diazepam, desmethyldiazepam,
lorazepam, and triazolam. Therefore Venoject tubes should not be used. The
recommended collection tube is: Vacutainer Brand (Becton-Dickinson ro,
Rutherford, NJ 07070), catalogue number 6541)green-top and heparinized.

If the direct venipuncture technique is used, the full draw of the tubes
is approximately 10 ml which is the proper sample size. If a syringe is used
to obtain the blood, the syringe should be either all glass or disposable
plastic form Becton Dickinson. Other disposable syringes (MonoJect,
Pharinaseal) contain contaminating substances and must not be used. Samples
drawn by syringe are then transferred to a tube as described above.

Processing and Storage

Benzodiazepines are very stable in plasma -- samples once drawn need not
be processed immediately or urgently. Whole blood samples (uncentrifuged) are
stable at room temperature for 12 hours, and for 24 hours if refriaerated.
However, do not freeze uncentrifuged samples.

After centrifugation, the upper plasam/serum layer is transferred to a
plastic sample storage tube (Becton Dickinson is recommended). Red cells are
discarded. The tube ia capped and taped tightly closed (to avoid leakage in
case it thaws during shipping). The tube is labeled with patient
identification (name or number), date drawn, and time drawn. USE AN INDELIBILE
tLRKER. Water-based inks will wash off, rendering the sample uninterpretable.

Serum/plasma samples are frozen at -4 0 C or lower until the time of
shipplig. Frozen samples are stable indefinitely.
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Samples are packed in dry ice and shipped via Federal Express (priority

one), or its equivalent, to Boston. The shipping day should be a Monday or

Tuesday to avoid possible weekend delays. The shipping address is:

David J. Greenblatt, M.D.

Room 602, M-V Building
Tufts University School of Medicine
136 Harrison Avenue
Boston, MA 02111

Please note that this is only the shipping address.

All other mail should go to:

David J. Greenblatt, M.D.
Division of Clinical Pharmacology
Box 1007
Tufts-New Enigtand Medical Center

171 Harrison Avenue
Boston, MA 02111

Communication

Please call a day or so before shipping samples so Dr. Greenblatt can be

looking for them. Also please call if there are any questions or if you must

deviate from the above guidelines. If, for any reason, Dr. Greenblatt is not

available, one of his colleagues ( Ms. Ann Locniskar)

will be able to help you.

Phone numbers: (617) 956-6997 (Division of Clinical Pharmacology)

(617) 332-4544 (Home number for nights and weekends)
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QUALITY CONTROL FOR DIAZEPAM MONKEY STUOY

Expected Detected Cone.

Diazepam Cone. Diazepem Cone. Corrected

Sanpte iNo. (ng/st) (ng/ml) % if" for Zero % iat"

4915 0 22.50 0.00 1.77 0.00

9177 0 21.50 0.00 1.07 0.00

3492 0 17.90 0.00 -2.33 0.00

Mean 20.73 0.00 -0.00 0.00

St. Dev. 2.48 0.00 2.48 0.00

3909 6.25 29.40 -370.40 8.67 -38.67

1714 6.25 27.20 -335.20 6.47 -'._.7

0625 6.25 27.20 -335.20 6.47 -3.47

Mean 27.93 -346.93 7.20 -15.20

St. Dev. 1.27 16.59 1.27 16.59

1038 12.5 32.10 -156.80 11.37 9.07

8381 12.5 31.6U -152.80 10.87 13.07

4381 12.5 34.60 -176.80 13.87 -10.93

Mean 32.77 -162.13 12.03 3.73

St. Dev. 1.61 10.50 1.61 10.50

9527 25 46.40 -85.60 25.67 -2.67

4848 25 55.80 -123.20 35.07 -40.27

3192 25 45.30 -81.20 24.57 1.73

Mean 49.17 -96.67 28.43 -13.73

St. Dav. 5.77 18.85 5.77 18.85

6634 50 77.00 -54.00 56.27 -12.53

0907 50 73.10 -46.20 52.37 -4.73

0752 50 73.90 -47.80 53.17 -6.33

Mean 74.67 -49.33 53.93 -7.87

St. Oev. 2.06 3.36 2.06 3.36

7317 100 118.00 -18.00 97.27 2.73

2839 100 116.70 -16.70 95.97 4.03

3242 100 125.40 -25.40 104.67 -4.67

Kean 120.03 -20.03 99.30 0.70

St. Dcv. 4.69 3.83 4.69 3.83

8524 200 201.90 -0.95 181.17 9.42

8895 200 204.10 -2.05 183.37 8.32

1634 200 208.10 -4.05 187.37 6.32

Mean 204.70 -2.35 183.97 8.02

St. 0ev. 3.14 1.28 3.14 1.28
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QUALITY CONTROL. FOR DIAZEPAM MONKEY STUDY

(Diazepam Expiration Date: Jury 1988)

Expected Detected Conc.

Diazepm Conc. Oiazetpm Cone. Corrected
SampLe No. (ng/mL) (rig/at) % Bigs for Zero % Bias

2345 100.00 111.00 -11.00 90.27 9.73
2482 100.00 113.10 -13.10 92.37 7.63
1965 100.00 115.60 -15.60 94.8? 5.13

Mean 113.23 -13.23 92.50 7.50

St. Dev. 1.88 1.88 1.88 1.88

8542 12.50 37.30 -198.40 16.57 -32.53
1927 12.50 34.60 -176.80 13.87 -10.93
0998 12.50 39.60 -216.80 18.87 -50.93

Mean 37.17 -197.33 16.43 -31.47
St. Dev. 2.04 16.35 2.04 16.35
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